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INTRODUCTION
N owadays, gastrointestinal-related cancers especially gastric cancer (GC) and colorectal cancer (CRC) are major causes of cancer-related death worldwide 7, 22, 23 . Globally, CRC and GC are the third and fourth leading cause most common cancers, making up 10% and 7% of cases all new cancer cases, respectively 23, 27 . It is well-known that the development of CRC and GC can be induced by the interactions of multiple genetic and environmental factors in complex ways. However, the pathogenesis of CRC differs from that of GC in that it is affected by ethnic background, regional, life style, environmental factors and molecular pathogenesis 27 . Currently, several genes have been reported to be associated with CRC and GC, and the matrix metalloproteinases (MMPs) genes has received increasing attention 10, 29, 31 .
MMPs are classified as a large family of zinc-containing proteases, which involved in normal physiological and pathological processes such as degradation and remolding of extracellular matrix, embryonic development, reproduction and cancer 6, 13 . MMP-7, the smallest member of MMP family, is an endopeptidases with broad substrate specificity, which break down extracellular matrix (ECM) by degrading macromolecules including casein, type I, II, IV, and V gelatins, fibronectin, and proteoglycan 18 . In addition, MMP-7 is one of the main regulatory enzymes involved in apoptosis by releases the Fas ligand (FasL) from the membrane then induces apoptosis of neighboring cells, or decreases cancer-cell apoptosis 21 . Thus, MMP-7 promotes cell survival by resisting apoptosis through cleaving FasL. MMP7 is potentially involved in tumor metastasis and inflammatory processes 10, 31 . MMP-7 gene (also known as matrilysin) is localized on chromosome 11q21-q22 and contains 13 exons 35 . The single nucleotide polymorphism (SNP) -181A>G in promoter region of MMP-7 gene has been considered to be a candidate SNP for various conditions including gastrointestinal related malignancies 1, 10, 31 . There is clear evidence that MMP-7 gene up-regulation is significantly related to the promoter activity variation of the -181A>G16. Molecular epidemiological studies have reported the association of MMP-7 -181A>G polymorphism with CRC and GC risk, but the results remain conflicting rather than conclusive. Several studies previously have performed on the association of MMP-7 -181A>G polymorphism with CRC and GC risk 10, 31 . However, these studies had opposite observations and additional casecontrol studies with larger sample sizes have been published since then. Hence, the association of MMP-7 -181A>G polymorphism remains unknown. Therefore, we have performed a meta-analysis of all eligible studies to derive more precise estimation of the association of MMP-7 -181A>G polymorphism with CRC and GC risk.
METHODS

Literature search
Following PRISMA guidance, we searched the electronic literature databases including PubMed, EMBASE, Elsevier, Science Direct, Wan Fang, Chinese National Knowledge Infrastructure (CNKI) and Chinese Biomedical Literature for all relevant articles published up to April 25, 2018. The search strategies were based on combinations of the following key words: (''matrix metalloproteinase-7'' OR ''MMP-7'' OR ''matrilysin'' OR uterine metalloproteinase OR ''pump-1 protease'' OR ''PUMP-1'') AND (''-181A>G OR ''rs11568818'') AND (''colorectal cancer'' OR ''CRC'') AND (''gastric adenocarcinoma'' OR ''stomach cancer'' OR ''gastric cancer'' OR ''GC'') AND (''gene" or ''allele" or ''genotype" or ''mutation" or ''variant" or ''variation" or ''polymorphism"), without any restriction on language. Review articles were hand-searched to find additional eligible studies and only published studies with full-text articles were included. We excluded studies that were not full-length publications articles or letters in peer-reviewed English journals. When the same patient population was included in different articles, the one with the largest population of participants or the most recent one was selected.
Inclusion and exclusion criteria
Inclusion criteria was defined as follows: 1) published studies and contained original data; 2) case-control studies; 3) evaluating the association of MMP-7 -181A>G polymorphism with CRC and GC risk; and 4) sufficient published data available to estimate an odds ratio (OR) with 95% confidence interval (CI). Major reasons for exclusion of studies were as follows: 1) only case population, family based or linkage studies; 2) studies that could not offer the number of cases and controls or other essential data; 3) reviews, abstracts, letters to editor, case reports or animal studies; 4) duplicate of previous publication or studies with overlapping patient populations; and 5) studies without histologically confirmed of CRC and GC. For more than two studies with overlapping data, the study with the most subjects or newest published data was selected.
Data extraction
Data were carefully extracted from all eligible publications by two of the authors independently. If the study provided stratum information, the data coming from similar stratum were added up to make full use of the data. Disagreements between the two authors were resolved by discussing the results with a third one. For each study, the following variables were collected: first author's name, year of publication, country, ethnicity of participants, number of cases and controls, genotyping methods, and allele numbers and genotype distributions in cases and controls, minor allele frequencies (MAFs) in control subjects, and the results of Hardy-Weinberg equilibrium (HWE) test. Different ethnicities were categorized as Asian, Caucasian and Latinos (mixed). Study designs were stratified to population-based studies and hospital-based studies.
Statistical analysis
The strength of the association of MMP-7 -181A>G polymorphism with CRC and GC risk was measured using odds ratios (ORs) with 95% confidence intervals (CIs). The statistical significance of the pooled OR was assessed with the Z-test and p<0.05 was considered significant. The pooled ORs were performed under five genetic models, i.e., allele (G vs. A), heterozygote (GA vs. AA), homozygote (GG vs. AA), dominant (GG+GA vs. AA) and recessive (GG vs. GA+AA). The between-study heterogeneity was evaluated by a chi-square-based Q test, which p value for the Q-test less than 0.10 indicates existing heterogeneity among studies. In addition, the I 2 statistics was used to quantify the proportion of the total variation across studies due to heterogeneity. A high value of I2 indicated a higher probability of the existence of heterogeneity (I 2 =0% to 25%, no heterogeneity; I 2 =25% to 50%, moderate heterogeneity; I 2 =50% to 75%, large heterogeneity; and I 2 =75% to 100%, extreme heterogeneity). A random-effects (DerSimonian-Laird method) or fixed-effects (Mantel-Haenszel method) model was used to calculate pooled effect estimates in the presence or absence of heterogeneity. HWE of genotype distribution in the controls of included studies was conducted using by Pearson's x 2 test, in which p-value less than 0.05 was considered significantly deviating from HWE. Subgroup analyses were performed by ethnicity, genotyping method, HWE status, source of controls and cancer type (CRC and GC). In addition, to consider the possible sources of heterogeneity, the studies we stratified. To validate the reliability of the results, sensitivity analysis was performed though omitting one case-control study each time, as well as limiting this meta-analysis to studies which were conformed to HWE. Funnel plots and Egger's linear regression test were used to diagnose potential publication bias (p<0.05). All analyses were performed with the comprehensive meta-analysis (CMA) 2.0 software (Biostat, USA). Two-sided p-values<0.05 were considered statistically significant.
RESULTS
Extraction process and study characteristics
The flow diagram of literature search was given in Figure 1 . The initial search of databases yielded 103 relevant publications based on our literature search strategy, and an Review ARticle 2/7 additional one study was identified through hand searching. However, 36 of them were ruled out because of duplicate results obtained from multiple databases, 68 articles remained. In addition, after the titles and abstracts of the 68 articles were reviewed, 49 full-text irrelevant studies were excluded. Finally, 19 eligible case-control studies with 3,714 cases and 4,712 controls were included in this meta-analysis. The characteristics of studies included in the current metaanalysis are shown in Table 1 . Among these studies, eleven studies with 2,169 CRC cases and 2,346 controls were on CRC [2] [3] [4] 8, 16, 19, 20, 24, 28, 33 , and eight studies with 1,545 GC cases and 2,366 controls were on GC 5, 11, 12, 14, 15, 17, 26, 34 . By ethnics, there were 13 studies of Asians (countries: Korea, Japan, China, Iran, Kashmir, Taiwan, and India), four studies of Caucasians (countries: Italy, France, Poland and Netherland), and two studies of Latinos (countries: Brazil and Mexico). According to the control source, ten studies were hospital-based, eight studies were population-based and one study was not clear. The studies used four different genotyping methods including direct sequencing, TaqMan, polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis and tetra-primer amplification refractory mutation system-polymerase chain (ARMS-PCR). All of the studies indicated that the distribution of genotypes in the controls was consistent with HWE except for two studies (Table 1) .
FIGURE 1 -
The study selection and inclusion process.
Quantitative synthesis
Overall study Table 2 listed the main results of the meta-analysis of MMP-7 -181A>G polymorphism with CRC and GC risk. We pooled all the 19 case-control studies together to assess the overall association of MMP-7 -181A>G polymorphism with CRC and GC risk. Overall, no significant main effects on CRC and GC susceptibility were observed in the overall population under all the five genetic models, i.e., allele (G vs. A: OR=1.049, 95% CI 0.889-1.239, p=0.570, Figure 2A ), heterozygote (GA vs. AA: OR=1.083, 95% CI 0.813-1.443, p=0.586), homozygote (GG vs. AA: OR=0.982, 95% CI 0.701-1.375, p=0.915), dominant (GG+GA vs. AA: OR=1.061, 95% CI 0.869-1.296, p=559) and recessive (GG vs. GA+AA: OR=1.084, 95% CI 0.786-1.495, p=0.622). Table 2 also listed the main results of the meta-analysis of MMP-7 -181A>G polymorphism with CRC risk. When all the 11 eligible studies were pooled into the meta-analysis of MMP-7 -181A>G polymorphism, we have not found evidence of a significant MMP-7 -181A>G polymorphism with CRC risk under all the five genetic models. In the subgroup analysis by ethnicity, significantly increased risk of CRC was observed in Asians under three genetic models, i.e., allele (G vs. A: OR=0.798, 95% CI 0.661-0.964, p=0.019, Figure 2A ), homozygote (GG vs. AA: OR=0.490, 95% CI 00.286-0.838, p=0.009) and recessive model (GG vs. GA+AA: OR=0.530, 95% CI 0.340-0.826, p=0.005), but not in Caucasians and Latinos populations ( Table 2) .
Colorectal cancer
We also performed subgroup analyses based on the source of control and genotyping method, when it was available ( Table 3 ). The hospital-based subgroup analysis revealed that the presence of the MMP-7 -181A>G polymorphism was related to a higher risk of CRC under the homozygote model (GG vs. AA: OR=0.671, 95% CI 0.484-0.951, p=0.023).
In the PCR-RFLP group, significantly increased association between MMP-7 -181A>G polymorphism and CRC risk was found under the homozygote model (GG vs. AA: OR=0.680, 95% CI 0.486-0.950, p=0.024, Table 3 ). Table 2 also listed the main results of the meta-analysis of MMP-7 -181A>G polymorphism with GC risk. There was a significant association between MMP-7 -181A>G polymorphism and GC risk under two genetic models, i.e., homozygote (GG vs. AA: OR=1.672, 95% CI 1.161-2.409, p=0.006, Fig 2B) and recessive (GG vs. GA+AA: OR=1.835, 95% CI 1.319-2.554, p=0.001). Similarly, when stratified by ethnicity, a significant association between MMP-7 -181A>G polymorphism and increased risk of GC was detected among Asians under the homozygote model (GG vs. AA: OR=1.975, 95% CI 1.331-2.934, p=0.006) and the recessive model (GG vs. GA+AA: OR=2.022, 95% CI 1.416-2.886, p=0.001).
Gastric cancer
The studies were further stratified on the basis of PCR-RFLP=polymerase chain reaction-restriction fragment length polymorphism; ARMS-PCR=tetra-primer amplification refractory mutation system-polymerase chain; SOC=source of control; HB=hospital-based; PB=population-based; MAF=minor allele frequency; HWE=Hardy-Weinberg equilibrium; NS=not stated source of controls (Table 3) . When stratifying by source of control, a significant association between MMP-7 -181A>G polymorphism and increased risk of GC was detected in population-based studies under the recessive model (GG vs. GA+AA: OR=1.819, 95% CI 1.173-2.819, p=0.008), and in hospital-based studies under two genetic models, i.e., homozygote (GG vs. AA: OR=1.884, 95% CI 1.107-3.204, p=0.020) and recessive (GG vs. GA+AA: OR=1.858, 95% CI 1.124-3.069, p=0.016).
Heterogeneity analysis
Heterogeneity was detected among studies under all the five genetic models, i.e., allele (G vs. A: I2=70.90%, PH=0.001), heterozygote (GA vs. AA: I2=82.36%, PH=0.001), homozygote (GG vs. AA: I2=54.65%, PH=0.006), dominant (GG+GA vs. AA: I2=65.43%, PH=0.001) and recessive (GG vs. GA+AA: I2=65.4%, PH=0.001). Thus, to explore the potential sources of heterogeneity across studies, we assessed the pooled ORs via stratification by cancer type, ethnicity, genotyping method, HWE status and source of controls. The results showed that the heterogeneity effectively removed by subgroup analyses based on ethnicity among studies on CRC. Therefore, we found that genotyping method, HWE status and source of controls did not contribute to substantial heterogeneity among the meta-analysis.
Sensitivity analysis
To evaluate the effect of individual study on the pooled ORs and stability of the meta-analysis results, we excluded one study at a time. However, the omission of any single study made no significant difference, suggesting that the results of this meta-analysis were stable. Moreover, sensitivity analysis was performed after excluding HWE-violating studies, and the corresponding pooled ORs were not qualitatively altered (data not shown).
Publication bias
Both Begg's funnel plot and Egger's test were performed to assess the publication bias of literature. Begg's funnel plots did not reveal any evidence of obvious asymmetry under all five genetic models in the overall meta-analysis. For example, the shape of the funnel plot did not indicate any evidence of obvious asymmetry under the allele model (Figure 3) , and the Egger's test suggested the absence of publication bias (PBeggs=0.293 and PEggers=0.483). However, the results of Egger's regression test showed evidence of publication bias among Caucasian's studies on CRC under the recessive model (GG vs. GA+AA: PBegg's=0.296, PEggers=0.001). 
Minor allele frequencies (MAFs)
The minor allele frequencies (MAFs) of the MMP-7 -181A>G polymorphism are shown in Table 2 . The allele and genotype distributions of MMP-7 -181A>G polymorphism exhibited ethnic variations. The MMP-7 -181A>G polymorphism MAF in overall populations, Asians, Caucasians and Latinos were 37.4% (4.0%-70.8%), 37.4% (4.0%-70.8%), 43.65% (40.0%-47.30%), and 37.75% (37.1%-38.4%), respectively.
DISCUSSION
MMP-7 gene is implicated in cancer susceptibility and metastasis in a variety of gastrointestinal-related cancers 19, 11 . In the recent decade, several molecular epidemiological studies have been performed to assess the association of MMP-7 -181A>G polymorphism with CRC and GC risk. However, the results were conflicting. Thus, we conducted a comprehensive meta-analysis involving published data, to assess the strength of association of MMP-7 -181A>G polymorphism CRC and GC risk. In current meta-analysis, a total of 19 case-control studies including 3,714 cases and 4,712 controls were recruited. The subgroup analysis by cancer type, showed that there was significant association between the MMP-7 -181A>G polymorphism and increased risk of GC in overall estimations, but not with CRC. In a stratified analysis by ethnicity, our results indicated that MMP-7 -181A>G polymorphism was associated with a significantly increased risk of CRC and GC in Asians. Moreover, stratified analysis according to source of controls and genotyping method revealed a significantly increased risk of CRC and GC in participants with the MP-7 -181A>G polymorphism in those studies involving PCR-RFLP, population-based and hospital-based (Table 3) .
Our results were consistent with the previous metaanalyses on MMP-7 -181A>G polymorphism and GC risk. Thus, MMP-7 -181A>G polymorphism might serve as a susceptibility marker to GC risk. However, our results are inconsistent with the previous meta-analyses on MMP-7 -181A>G polymorphism and CRC risk. In 2013, two metaanalyses by Ke et al and Yang et al were conducted to examine the association between MMP-7 -181A>G polymorphism and CRC risk 10, 31 . Ke et al in meta-analysis of seven casecontrol have found a significant association between MMP-7 -181A>G polymorphism and CRC under the homozygote model (GG vs. AA, OR=1.13, 95% CI=1.01-1.26) 10 . Similarly, Yang et al in a meta-analysis of seven studies with 1,502 CRC cases and 1,602 controls found significant association between MMP-7 -181A>G polymorphism and CRC under the homozygote model (OR=1.31, 95% CI 1.02-1.69) 31 . However, their findings about MMP-7 -181A>G polymorphism and CRC risk essentially remains an open field, as the number of studies is considerably smaller than that needed to yield a robust conclusion. In addition, the previous meta-analyses did not perform stratified analysis by ethnicity to identify possible association of MMP-7 -181A>G polymorphism with CRC among different ethnic groups.
Between-studies heterogeneity plays an important role when performing a meta-analysis 32 . Heterogeneity could result from study design, genotyping error, selection bias, population stratification, sample size, allelic heterogeneity, or chance 9, 25 . Therefore, finding the source of heterogeneity is very important for the final result of meta-analysis. Through performing sub group analysis, we found that the heterogeneity could not be explained by genotyping method, HWE status and source of controls in this meta-analysis. However, the results showed that the heterogeneity effectively removed by subgroup analysis based on ethnicity among studies on CRC, indicating that studies among Asian populations regarding CRC might be a source of the heterogeneity in our meta-analysis.
This meta-analysis had three main strengths. First, this is the biggest and most recent meta-analysis of the association of MMP-7 -181A>G polymorphism with CRC and GC risk, and it was more powerful than previous single case-control studies. Second, this is the first meta-analysis by subgroup analysis showed that the MMP-7 -181A>G polymorphism was associated with CRC risk in Asians. Third, a comprehensive searching strategy from several electronic databases with manual search made the eligible studies included as much as possible.
Despite the clear strengths of this meta-analysis, limitations of our meta-analysis should be noted. First, although all the eligible studies were included to this metaanalysis, the sample size of the included studies was not large enough, which could increase the likelihood of type I and type II errors. Therefore, there was a lack of statistical power to better evaluate the association of MMP-7 -181A>G polymorphism with CRC and GC risk. Second, most of included studies in the present meta-analysis mainly provided data in Asians. In addition, the sample size was relatively small for stratified analyses by ethnicity and might not have provided sufficient power to estimate the association of MMP-7 -181A>G polymorphism among different ethnic groups. Third, although the funnel plot and Egger's test did not show evidence of publication bias in overall estimations, the influence of bias in the present analysis could not be completely excluded. For example, the negative findings are usually difficult to get published, or in this meta-analysis we have included only studies published in English, which produced selection bias at the start of our study. Fourth, the present meta-analysis was based primarily on unadjusted effect estimates, because most studies did not provide the adjusted OR and 95%CI controlling for potential confounding factors, thus the effect estimates were relatively imprecise. If individual data were available, adjusted ORs could be obtained to give a more precise analysis. Finally, it is well known that CRC and GC are multifactor conditions; however, the effects of gene-gene and gene-environment interactions were not addressed in the current meta-analysis.
CONCLUSION
This meta-analysis indicated that the MMP-7 -181A>G polymorphism might be a risk factor for susceptibility to GC in overall estimations and in Asians. However, our results clearly showed that the MMP-7 -181A>G polymorphism significantly increased the risk of CRC only in Asians. Considering the limited sample size and ethnicities, well-designed studies taking into consideration of gene-gene and gene-environment interactions should be performed to confirm our results.
